An immunohistochemical (IHC) method was used to test brain tissues from 17 elk in a captive herd in which chronic wasting disease (CWD) had previously occurred. The IHC technique detects the proteaseresistant prion protein (PrP-res), which is considered a disease-specific marker for transmissible spongiform encephalopathies (TSE), regardless of the species affected. Of the 17 elk tested, 10 were positive by IHC. Only 2 of these 10 animals had shown clinical signs and histologic lesions of CWD, and an additional animal had histologic lesions only. The most consistently IHC-positive tissue was medulla oblongata, especially the obex. These results show that the PrP-res IHC test on brain tissue, specifically medulla oblongata at the obex, should be considered an essential component of any surveillance study intended to determine the incidence of CWD in captive or free-ranging cervids.
deer housed for 2 or more years were affected. 10 Chronic wasting disease was the only natural cause of adult mortality between June 1986 and May 1997 in captive Rocky Mountain elk at the Foothills Wildlife Research facility in Fort Collins, Colorado. 3 Four of 23 elk (17%) that remained in this herd for at least 15 months developed CWD.
Traditional surveillance methods for CWD have relied primarily on identification of clinically affected animals or histopathologic examination of brain from slaughtered and dead animals. Alterations in behavior, the earliest clinical sign, may be subtle and difficult to appreciate in affected cervids, especially elk. 10 This communication demonstrates that histopathologic surveillance also is not sufficient for detection of many cases of preclinical CWD. The conclusion is based on a comparison of histopathologic findings in brains from elk in a known CWD-affected herd with results obtained with an immunohistochemical (IHC) test for protease-resistant prion protein (PrP-res). The PrP-res is a modified form of a normal sialoglycoprotein that is present in many tissues, especially the central nervous system. This altered protein is considered a molecular marker for, and likely the etiologic agent of, TSEs that occur in several species, including sheep, mink, cattle, and human beings. 5, 6 Detection of PrP-res in formalin-fixed brain by IHC has previously been shown to be a more effective diagnostic tool than histopathologic examination for diagnosing scrapie in sheep. 2 Seventeen elk from a large captive herd in South Dakota were slaughtered and tested for CWD in April 1998. The first case of CWD in this herd had been diagnosed 5 months earlier based on the finding of characteristic histologic lesions (clinical signs not reported) and a positive IHC test for PrP-res. Following this initial diagnosis, 4 more cases were detected the following month. The owners slaughtered the 17 elk in the hope of salvaging some of the animals for meat. Fifteen of the 17 slaughtered elk were chosen based on young age and the likelihood that they were not yet infected. The other 2 members of the group had clinical signs, as seen by the ranch's herdsmen. The slaughtered elk were all male, ranging in age from 2 to 5 years (9 elk were 2 years old, 7 elk were 3 years old, and 1 elk was 5 years old). The 5year-old and a 3-year-old elk had clinical signs consistent with CWD ( Table 1 ). Both of these animals and a 2-yearold elk had histologic lesions consistent with CWD, including spongiform change of the gray matter neuropil, vacuolated neurons, and mild gliosis. In addition, a 3-year old animal without clinical signs had histologic lesions suggestive of CWD, including mild spongiform change in the gray matter of the medulla oblongata and cerebrum, few vacuolated neurons, and mild gliosis in the brain stem and spinal cord. Medulla oblongata at the obex from each of the 17 elk was examined by IHC for PrP-res using a hydrated autoclaving method. 2 Tissues from 10 of the 17 elk (58.8%) were positive.
To determine distribution of PrP-res in the 10 positive brains, 90 tissue sections (6-10 per animal) of brain and cervical spinal cord were tested using IHC. A recently developed monoclonal antibody was used as the primary antibody. 4 Both the primary antibody a and the biotinylated secondary antibody b were diluted in 10% normal horse serum. Cervical spinal cord, medulla oblongata at the obex, mesencephalic, cerebellar, and cerebral sections were studied from all 10 positive elk and from 1 control animal. The control was elk J, which had previously tested negative by IHC ( Fig. 1 ). Midpons and thalamus were also examined from some animals. All tissue sections from elk J (medulla oblongata at the obex and trapezoid body, mesencephalon, thalamus, cerebellum, and cerebrum) were IHC negative. In the 10 positive elk, accumulations of PrP-res were observed primarily perineuronally, as diffusely scattered granules, or aggregated into plaques in the gray matter neuropil (Figs. 2-6). Some linear staining was observed along nerve cell processes. Areas of the medulla oblongata most severely and consistently affected were the nucleus gracilis, parasympathetic nucleus of the vagus, and the nucleus intercalatus. Other severely affected areas included the nucleus cuneatus, lateral cuneate nucleus, nucleus of the spinal tract of the trigeminal nerve, and the solitary tract. Less severely affected nuclei included the nucleus ambiguus, olivary nucleus, hypoglossal nucleus, ventral reticular nucleus, and the nucleus of the lateral funiculus. Within the spinal cord, the areas most severely affected were the nucleus of the spinal tract and lower motor neurons. Areas of the mesencephalon most severely affected included the red nucleus and the lateral and medial geniculate nuclei. Areas in the pons most severely affected were the nucleus of the lemniscus, the pontine nucleus, and the mesencephalic nucleus of the trigeminal nerve. In the cerebellar cortex, the granular layer was more severely affected than the molecular layer. The PrP-res was also present perivascularly in the midpons, mesencephalon, cerebellum, and cerebrum. Small-to-medium-sized plaques (10-60 m) were present in the molecular and granular layers of the cerebellum as well as in the gray matter of the spinal cord, obex, pons, mesencephalon, thalamus, and cerebrum. Obex was positive in 100%, spinal cord in 90%, mesencephalon in 50%, and cerebrum and cerebellum in 30% of the known positive cases (Table 1) . Interestingly, the 3 elk that had PrP-res in cerebrum and cerebellum were the only animals that had histologic lesions consistent with CWD. The comparative results, however, suggest that brainstem, especially medulla oblongata at the obex, and cervical spinal cord immediately caudal to the medulla are the best sites for IHC detection of PrP-res in preclinical CWD.
The IHC staining in tissue sections was graded subjectively from 1 to 3 to estimate the amount of PrP-res present. This numerical judgment was based on both intensity of the staining reaction and the extent of tissue area involved (Table 1; Figs. 1-4) . The 2 elk that had clinical signs characteristic of CWD had the most abundant IHC staining for PrPres. These 2 animals (elk A and P) were given the highest rating for each tissue section examined. A third animal that had lesions consistent with CWD (elk G) had the next greatest amount of staining, and the animal with suggestive histologic changes (elk Q) followed, showing the fourth strongest PrP-res response. These observations suggest that animals in the terminal stage of disease have more PrP-res accumulation than subclinically affected animals. The young age of many affected animals in this study supports a previous report that suggested the incubation period of CWD in elk may be less than 2 years. 7 Results of the current study also clearly show that the IHC test for PrP-res is a more sensitive diagnostic tool than histopathology for CWD and should be considered essential for reporting of meaningful surveillance data.
Comparison of virus isolation, reverse transcription-polymerase chain reaction, immunohistochemistry, and in situ hybridization for the detection of porcine reproductive and respiratory syndrome virus from naturally aborted fetuses and stillborn piglets
Doo-Sung Cheon, Chanhee Chae Abstract. Virus isolation, reverse transcription-polymerase chain reaction (RT-PCR), immunohistochemistry, and in situ hybridization methods were compared for the detection of porcine reproductive and respiratory syndrome virus (PRRSV). Seven aborted fetuses and 6 stillborn piglets naturally infected with PRRSV were used in the study. Viral antigen and viral nucleic acid were detected in macrophages and dendritic cells in the spleen, tonsil, lymph nodes, and thymus; in macrophages of liver, heart, and lung; and in endothelial cells and myocytes of the heart. Viral antigen and viral nucleic acid were most consistently detected in the spleen. Of the 13 samples, 6 were positive for PRRSV by all 4 techniques. Four (31%) samples were positive for PRRSV by RT-PCR, in situ hybridization, and virus isolation. Two (15%) samples were positive for PRRSV by virus isolation, RT-PCR, and in situ hybridization. One (8%) was positive for PRRSV by virus isolation and RT-PCR. The RT-PCR identified the presence of PRRSV more frequently than the other methods. However, when only formalin-fixed tissues are submitted, immunohistochemistry and in situ hybridization would be useful methods for the detection of PRRSV antigen and nucleic acid.
Porcine reproductive and respiratory syndrome (PRRS) is a viral disease first described in Europe and North America. 6 
